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SYSTEM AND METHOD FOR PROVIDING
AUDITORY MESSAGES FOR
PHYSIOLOGICAL MONITORING DEVICES

BACKGROUND

1. Technical Field

Embodiments of the invention relate generally to patient
monitoring and, more specifically, to a system and method
for providing auditory messages for physiological monitor-
ing devices.

2. Discussion of Art

In medical environments, especially complex medical
environments where multiple patients may be monitored for
multiple medical conditions, standardization of alarms and/
or warnings creates significant potential for confusion and
inefliciency on the part of users (e.g., clinicians or patients)
in responding to specific messages. For example, it 1s
sometimes difficult for clinicians and/or users of medical
devices to distinguish or quickly identify the source and
condition of a particular audible alarm or warning. Accord-
ingly, the eflectiveness and efliciency with which users
respond to medical messaging can be adversely aflected,
which, 1n turn, can lead to delays to responding to medical
or system conditions associated with these audible alarms or
warnings.

In particular, medical facilities typically include rooms
that enable surgery to be performed on a patient, monitoring,
ol a patient’s medical condition, and/or patient diagnosis. At
least some of these rooms 1include multiple medical devices
that enable the clinician to perform different types of opera-
tions, monitoring, and/or diagnosis. During operation of
these medical devices, at least some of the devices are
configured to emit audible indications, such as audible
alarms and/or warnings that are utilized to inform the
climcian of a medical condition being monitored. For
example, a heart monitor and a ventilator may be attached to
a patient. When a medical condition arises, such as low heart
rate or low respiration rate, the heart monitor or ventilator
emits an audible indication that alerts and prompts the
clinician to perform some action.

Under certain conditions or in certain medical environ-
ments, multiple medical devices may concurrently generate
audible indications. In some instances, two different medical
devices may generate the same audible indication or an
indistinguishably similar audible indication. For example,
the heart monitor and the ventilator may both generate a
similar high-frequency sound when an urgent condition 1s
detected with the patient, which 1s output as the audible
indication. Therefore, under certain conditions, the clinician
may not be able to distinguish whether the alarm condition
1s being generated by the heart monitor or the ventilator. In
this case, the clinician visually observes each medical device
to determine which medical device 1s generating the audible
indication. Moreover, when three, four, or more medical
devices are being utilized, 1t 1s often diflicult for the clinician
to easily determine which medical device 1s currently gen-
erating the audible indication. Thus, delay in taking action
could potentially result from the inability to distinguish the
audible indications from the different devices. Additionally,
in some instances the clinician may not be able to associate
the audible indication with a specific condition and accord-
ingly may need to visually view the medical device to assess
a course ol action.

As a result, 1n typical clinical settings, there 1s a lack of
inherent meaning of medical messages in the auditory
environment. Accordingly, the meanings need to be learned,
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2

which can result in the lack of a timely response, particularly
with a novice clinical user, potentially causing adverse
consequences to patients. There 1s also a lack of a mean-
ingful relationship between the physical properties of audi-
tory device signals and the intended messages, which can
result 1n a lack of perceptual discrimination among various
auditory signals.

BRIEF DESCRIPTION

In an embodiment, a system 1s provided. The system
includes at least one device configured to generate a plural-
ity of messages and a control unit in the at least one medical
device. The control unit 1s configured to generate an auditory
signal corresponding to one of the plurality of messages,
wherein the auditory signal 1s configured based on a func-
tional relationship linking psychological sound perceptions
in a clinical environment to acoustic and musical sound
properties. The functional relationship includes a plurality of
types ol auditory messages defining seven unique catego-
ries.

In an embodiment, a method for providing auditory
messages for a physiological monitoring device 1s provided.
The method includes the steps of defining a plurality of
auditory states representing a plurality of different medical
messages or conditions, detecting one or more medical
evens and correlating the medical event to one of the
medical messages or conditions, and generating an auditory
message corresponding to the detected medical event, and
outputting audibly the auditory message corresponding to
the detected medical event. The auditory message 1s con-
figured based on a functional relationship linking psycho-
logical sound perceptions in a clinical environment to acous-
tic and musical sound wvariables, and the {functional
relationship includes a plurality of types of auditory mes-
sages defining seven unique categories.

In an embodiment, a system i1s provided. The system
includes a device configured to monitor at least one physi-
ological parameter of a patient, a control unit, and a database
associated with the control unit. The database includes a
classification structure for auditory medical messages,
wherein the classification structure includes seven catego-
ries of auditory medical messages. Upon detection of a
physiological patient parameter having a value exceeding a
threshold value, the control unit 1s configured to select an
auditory signal from one of the seven categories and audibly
output the auditory signal.

DRAWINGS

The present invention will be better understood from
reading the following description of non-limiting embodi-
ments, with reference to the attached drawings, wherein
below:

FIG. 1 1s a block diagram 1llustrating a sounds environ-
ment 1n accordance with various embodiments.

FIG. 2 1s a block diagram of an exemplary auditory device
signal and/or medical message process flow 1n accordance
with various embodiments.

FIG. 3 1s a flowchart of a method for use in generating
auditory device signals and/or medical messages 1n accor-
dance with various embodiments.

FIG. 4 1s an exemplary data sheet utilized 1n connection
with the method of FIG. 3.

FIG. 5 1s a schematic illustration of a system for physi-
ological monitoring of a patient according to an embodiment
of the present invention.
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FIG. 6 1s a table showing mean values for various sound
metrics of the auditory device signals and medical messages
generated by the present invention.

DETAILED DESCRIPTION

Reference will be made below in detail to exemplary
embodiments of the mvention, examples of which are 1llus-
trated 1in the accompanying drawings. Wherever possible,
the same reference characters used throughout the drawings
refer to the same or like parts. The figures 1llustrate diagrams
ol the functional blocks of various embodiments. The func-
tional blocks are not necessarily indicative of the division
between hardware circuitry. Thus, for example, one or more
of the functional blocks (e.g., processors or memories) may
be implemented 1n a single piece of hardware (e.g., a general
purpose signal processor or a block or random access
memory, hard disk, or the like) or multiple pieces of hard-
ware. Similarly, the programs may be stand alone programs,
may be icorporated as subroutines 1n an operating system,
may be functions in an installed software package, and the
like. It should be understood that the various embodiments
are not limited to the arrangements and instrumentality
shown 1n the drawings.

Various embodiments provide methods and systems for
providing audible or auditory indications or messages, par-
ticularly audible alarms and warnings for devices, especially
medical devices. The various embodiments provide methods
and systems for the management of an auditory messaging
environment 1n clinical settings. For example, a classifica-
tion system may be provided, as well as a semantic mapping
for these audible indications or messages to manage the
perceptual discrimination among various auditory signals.

As described 1n more detail herein, the various embodi-
ments provide for the differentiation of audible notifications
or messages, such as alarms or warnings based on acoustical
and/or musical properties. It should be noted that although
the various embodiments are described 1n connection with
medical systems having particular medical devices, the
various embodiments may be implemented in connection
with medical systems having different devices or non-
medical systems. The various embodiments may be imple-
mented generally in any environment or in any application
to distinguish between different audible indications or mes-
sages associated or corresponding to a particular event or
condition for a device or process.

As used herein, an audible or auditory indication or
message refers to any sound that may be generated and
emitted by a machine or device. For example, audible
indications or alarms may include auditory alarms or wam-
ings that are specified in terms of frequency, duration and/or
volume of sound.

In particular, various embodiments allow for management
of an auditory messaging environment, such as in a clinical
setting. In one embodiment, a sound environment 10 (e.g.,
in a hospital room) may be provided as shown in FIG. 1. For
example, the sound environment 10 may be a continuous
sound environment in a clinical setting that incorporates
multiple auditory states 12 representing diflerent medical
messages and/or conditions from one or more medical
devices. In one embodiment, the sound environment 10 may
be defined or described by various levels corresponding to
different sound metric descriptors 14. For example, the
sound metric descriptors may include, but are not limited to,
acoustic Loudness, acoustic Sharpness, acoustic modulation
(e.g., present or absent 1n 20 Hz to 200 Hz range), musical
harmony (harmonious vs. discordant), musical timbre (natu-
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4

ral/classical vs. artificial/mechanical ), musical rhythm (com-
plex/rhythmic vs. simple/irregular), musical pitch complex-
ity (constant pitch vs. variable pitch), and/or acoustical pulse
profile. It should be appreciated that the sound environment
may be a continuous sound environment wherein one state
1s designated as a continuously playing background with
other states representing different medical auditory mes-
sages. However, 1n other embodiments, a continuously play-
ing background 1s not provided.

In an embodiment, the sound environment 10 also may be
defined or described by one or more psychological descrip-
tors 16. For example, the psychological descriptors 16 may
include, but are not limited to, urgency/prominence,
clegance/satistaction/well-being, and/or novelty/frequency/
typicality.

In accordance with various embodiments, a functional
relationship 1s defined that links psychological sound per-
ceptions 1n clinical environments to acoustic and musical
sound variable (metrics and settings) to manage the sound
environment 10. For example, 1n the 1llustrated embodiment,
one or more trigger events 18, such as detected medical
events (e.g., detected patient condition by a monitoring
device) trigger specific different medical auditory messages
in the sound environment 10 that are defined or designated
based on one or more of the sound metric descriptors 24 and
one or more of the psychological descriptors 16. Addition-
ally, 1n some embodiments, the continuous sound environ-
ment parameters may be adjusted, such as based on the
trigger event(s) 18, to represent different auditory messages
and/or conditions. The defined auditory signals may be
stored, for example, in a database that 1s accessible, with a
particular auditory signal selected or generation and output-
ting based on the trigger event(s) 18.

In various embodiments, one or more auditory device
signals and/or medical messages are generated based on a
common semantic experience, for example, by quantifying
a nurses’ semantic experience ol auditory device signals.
Using correlated acoustic and musical properties of auditory
signals to semantic experiences provides design guidance as
described 1n more detail herein. One embodiment of an
auditory device signal and/or medical message process or
design flow diagram 100 1s illustrated in FIG. 2. In the
illustrated embodiment, the process 100 includes character-
1zing a semantic experience of auditory device signals
and/or medical messages at 110. For example, nurses’
semantic experience of auditory device signals and/or medi-
cal messages are characterized, which in one embodiment
includes using only auditory signals. The flow process 100
also includes at 112 relating the auditory signals and/or
medical messages based upon a common semantic experi-
ence, such as determined from the characterization at 110.
The flow process 100 additionally includes identifying
acoustic and musical properties of auditory signals at 114
that are correlated with the dimensions of the semantic
experience. The steps of the tlow process 100 are described
in more detail herein.

A method 200 for use in generating auditory device
signals and/or medical messages 1s shown 1n FIG. 3. The
method includes selecting a plurality of sample or base
auditory signals for evaluation at 210. For example, sixty-
two auditory signals may be selected for evaluation, such as
by a plurality of nurses. The auditory signals may corre-
spond to different conditions or standards, such as different
IEC alarm standards for different urgency levels (e.g., low,
medium and high urgency levels). The auditory signals may
be, for example, IEC low, medium and high urgency alarm
melodies with varying musical properties of timbre, attack
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and decay. Additionally, 1n some embodiments, different
non-standard, arbitrary or random auditory signals may be
selected, such as generated by a professional sound engineer.

The method 200 also includes selecting a plurality of
medical messages at 211. For example, thirty medical mes-
sages may be selected, such as medical messages typically

indicated using auditory signals and that are sampled from
documentation of devices of interest, such as documentation
for ventilators, monitors and infusion pumps. However,
depending on the particular application, medical messages
for diflerent devices may be selected. In various embodi-
ments, medical messages include messages associated with
low, medium and high criticality patient conditions may be
sampled, as well as device information/feedback messages,

as discussed 1n more detail below 1n connection with the data
chart of FIG. 4.

The auditory signals/sounds may then be played at 212.
For example, the selected auditory signals/sounds may be
presented to a study group for evaluation. The method 200
then includes collecting classification data at 214, such as
using a data sheet on which each nurse in the study group
can 1ndicate what type of medical message they though that
cach auditory signal indicated. An exemplary data sheet 1s
shown 1n FIG. 4. As illustrated in FIG. 4, the nurse can
indicate which category of medical messages they thought
cach auditory signal indicated, choosing among nine cat-
egories: high criticality patient condition, rare or unexpected
high criticality patient condition, reminder: high criticality
alarm has been turned ofl, medium criticality patient con-
dition, low criticality patient condition, equipment problem,
drug or therapy delivery has started or stopped, a user action
has been detected/recerved, and no opimion. In addition, the
cach nurse can indicate the particular physiological condi-
tion of a patient with which the auditory signal 1s associated,
including, general, cardiac, artificial perfusion, ventilation,
oxygen, temperature and drug/tluid delivery.

The data collected at 214 may be collected, for example,
from small groups, such as groups of three to five nurses.
The information for evaluation may be presented to each
participant via a laptop computer on which to view, for
example, the data sheet. In some embodiments, auditory
signals are presented to each nurse through individual head-
phones. In one embodiment, all participants 1n a group are
allowed to complete classification of a given auditory signal
before the next auditory signal 1s presented.

With further reference to FIG. 3, the method 200 also
includes performing data analysis at 216 (with one or more
processors or modules) using the collected classification
data to identily or select diflerent characteristics or proper-
ties for one or more auditory device signals for medical
messaging. In particular, the analysis at 216 includes in
some embodiments a hierarchical cluster analysis of audi-
tory similarities at 218. For example, 1n one embodiment, a
62x62 auditory signal similarity matrix may be constructed,
which 1s coded for the number of study participants who
placed each pair of auditory signals 1n the same top-level
message category (1.e., row of the data sheet). Accordingly,
this allows for the identification of clusters of auditory
signals that tend to co-occur within the same message
category and are, therefore, perceptually associated with that
message category.

In addition, the analysis at 216 may also include 1n some
embodiments a chi square analysis at 220. Using chi square
analysis, individual auditory signals that are significantly
associated with a particular message or system can be

1dentified.
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In an embodiment, the analysis at 216 also includes
analyzing acoustic and musical metrics at 222. In particular,
in an embodiment, mean acoustic and musical metrics are
calculated within each cluster of auditory signals. Binary
coding of musical properties (present or absent for each
auditory signal) may be standardized before calculating the
means.

Utilizing the cluster analysis of step 218, seven primary
clusters associated with major categories of medical mes-
sages can be identified. In an embodiment, the seven pri-
mary clusters of auditory signals identified utilizing the
method 200 of FIG. 3 are as follows: high criticality,
medium criticality, low criticality, alarm reminder, equip-
ment alert (strong), timer (strong) and information/feedback.
These categories/clusters are each defined by particular
acoustic and musical metrics or properties, as indicated
hereinafter.

In various embodiments, the auditory alerts/alarms are
defined by specific properties. The high criticality alarm
cluster 1s defined by the following musical properties: rap-
idly oscillating beat pattern (not harmonious, fast tempo,
repetitive (not syncopated) and complex (not simple)), stac-
cato notes not long 1n duration, as well as the following
acoustic properties: high Loudness (but low Articulation
Index, low Sharpness and low mean frequency), high
Roughness (but low Prominence Ratio).

The medium cniticality alarm cluster may be defined by
the following musical properties: slow (and not fast) tempo,
repetitive (and not syncopated rhythm), simple (and not
complex), and neither harmonious nor dissonant, as well as
the following acoustic properties: lower Loudness and
higher Articulation Index than high criticality alarms, low
Sharpness, low mean frequency, and low Prominence Ratio.

The low criticality alarm cluster may be defined by the
following musical properties: neither harmonious nor dis-
sonant, not slow tempo, not complex, electronic timbre (not
natural or unique), short (not long) and staccato notes, not
low frequency, as well as the following acoustic properties:
lower Loudness than medium criticality alarms, low Sharp-
ness, low mean Irequency, low Prominence Ratio, low
Roughness, low Fluctuation Strength.

The alarm reminder alarm cluster may be defined by the
following musical properties: dissonant (not harmonious),
complex (not sumple), neither slow nor fast tempo, neither
repetitive nor syncopated rhythm, electromic timbre, long
and staccato notes, high frequency, as well as the following
acoustic properties: highest Loudness, Sharpness and mean
frequency, lowest Articulation Index, lowest Prominence
Ratio and highest Fluctuation Strength.

The equipment alert alarm cluster may be defined by the
following musical properties: not harmomnious, fast (and not
slow) timbre, not natural timbre, not long notes, high (and
not low frequency), as well as the following acoustic prop-
erties: same Loudness and Articulation Index as medium
criticality alarm, low Sharpness, low mean frequency, high
Tonality, high Prominence Ratio, low Roughness. In an
embodiment, the equipment alert may indicate a low battery
ol a patient monitoring device.

The timer alarm cluster may be defined by the following
musical properties: not dissonant (but not harmonious
either), not fast tempo, not syncopated, short (and not long)
notes, low Irequency, as well as the following acoustic
properties: Loudness equal to low criticality alarm, high
Articulation Index, low Sharpness, low mean frequency, low
Prominence Ratio, low tone level.

The mformation/feedback alarm cluster may be defined
by the following musical properties: generally, a single note,
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neither harmonious nor dissonant, neither slow nor fast
tempo, neither repetitive nor syncopated beat, not complex,
not electronic timbre, not long notes, not high frequency, as
well as the following acoustic properties: high Articulation
Index, low Loudness, low Sharpness, low mean frequency,
high tone-to-noise ratio, low tone level.

FIG. 6 1s a table showing the mean values for each of the
musical and acoustic properties/metrics defining each clus-
ter or classification of alarms/messages. As illustrated
therein, the dark cells indicate metric values that are dis-
tinctively large, while the white (not shaded) cells indicate
metric values that are distinctively small. The lightly-shaded
cells indicate metric values that are medium values (1.e., not
distinctively large and not distinctively small). As will be
readily appreciated, some of the numeric values for the
clusters only contain large and medium values, and no small
values, meaning that small values should be avoided for
cllective auditory signals for that particular classification of
alarms/messages.

The table also indicates various patterns that help to
determine the type of auditory signals that should be utilized
to convey a particular alarm or message. For example, there
1s a pattern of decreasing Loudness with decreasing alarm
criticality; Articulation Index 1s lowest for High criticality
alarms and alarm reminders, but highest for the most benign
messages ol Timer and Feedback; Alarm Reminder 1s high-
est 1n Sharpness, Frequency and Fluctuation Strength;
Equipment Alert 1s highest in Tonality and Prominence
Ratio; Feedback 1s highest in Tone To Noise Ratio. In an
embodiment, these unique qualities that define the auditory
signals for each message type.

As indicated by the above, 1t has been determined that
nurses perceptually differentiate among seven major types of
auditory signals associated with seven distinct categories of
medical messages. In addition, 1t has been determined that
there 1s little diflerentiation among different systems or
monitoring devices (such as cardiac, respiratory, general,
etc.), and little differentiation between common and uncom-
mon patient conditions.

In connection with the methods of FIGS. 2 and 3,
described above, an integrated library or classification struc-
ture for auditory signals that are innately associated with
seven different classes of medical messages, including both
alarms and information/feedback, has been derived. As also
indicated above each of these seven classes of medical
messages/alarms 1s defined by acoustic and musical prop-
erties of auditory signals. With reference to FIG. 5, this
classification structure of medical messages and alarms may
be integrated with a medical device connected to a patient,
or with a patient monitoring system having a plurality of
patient monitoring devices. By using this set of auditory
signals, perceptual efliciency and discrimination may be
improved, thus improving medical response and reducing
alarm fatigue.

As shown 1n FIG. 5, 1n an embodiment, a patient moni-
toring system 300 for monitoring a subject or patient 310 1s
illustrated. As will be readily appreciated, the monitoring
system 300 normally acquires a plurality of physiological
channel signals 312 from the patient 310 via sensors (not
shown), where one physiological channel signal corresponds
to one measurement channel. The channel signals 312
typically comprise several types of signals, such as ECG,
EEG, EMG, blood pressure, respiration, pulse, temperature
and plethysmographic signals.

Based on the raw real-time physiological signal data
obtained from the subject 14, a plurality of physiological
parameters may be derived, each physiological parameter
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being calculated from the waveform data of one or more of
the physiological channel signals acquired from the subject.
I a physiological parameter 1s derived from more than one
physiological channel signal, 1.e. from more than one mea-
surement channel, the said channel signals are usually of the
same signal type. The physiological parameter may thus also
represent a wavetorm signal value determined over a pre-
defined period of time, although the physiological parameter
1s typically a distinct parameter derived from one or more
measurement channels, such as heart rate derived from one
or more ECG channel signals or a SpO,, value dertved from
one or more plethysmographic channel signals. In an
embodiment, the physiological parameters may include
heart rate, heart rate variability, ST segment measurements,
respiration rate, pulse rate, oxygen saturation, systolic, dia-
stolic and/or mean blood pressure, entropy, sedation and the
like.

The physiological channel signals 312 acquired from the
subject 310 are supplied to a control and processing unit 314
through a pre-processing stage (not shown) comprising
typically an mput amplifier and a filter, for example. The
control and processing unit 314 converts the signals into
digitized format for each measurement channel. The digi-
tized signal data may then be stored in the memory 316 of
the control and processing unit 314. In an embodiment, the
digitized signal data 1s utilized by parameter algorithms 318
adapted to record, when executed by the control and pro-
cessing unit 314, the time series of the physiological param-
cters to be monitored. The obtamned time series of the
physiological parameters may be stored in the memory 316.
Moreover, the parameter algorithms 318 of the control and
processing unit 314 process the digitized signal data and
measurements to identify past, current or future occurrence
of physiological events.

Generally, each physiological parameter may be assigned
one or more alarm limits to alert the nursing stail when the
parameter reaches or crosses the alarm limit. For example,
a physiological parameter, such as heart rate, may be
assigned multiple alarm levels of increasing priority/severity
and alarm escalation may be used to escalate a low level
alarm to the next level of priority/severity, if the low level
alarm persists and/or goes unacknowledged long enough. In
an embodiment, the control and processing unit 314 includes
an alarm generator for notifying a clinical user with an
appropriate alarm signal when a monitored parameter
reaches or exceeds the preset alarm limit for such parameter,
as discussed 1n detail hereinafter.

In particular, 1n an embodiment, the control and process-
ing unit 314 uses a signal monitoring algorithm 320 to
monitor the successive values of the parameter and to detect
events and to generate alarms based on the parameter values.
This typically mnvolves comparison of the parameter values
with at least one alarm limait stored 1n memory 316 to detect
whether an alarm 1s to be raised. When a crossing of an
alarm limait 1s detected, the control and processing unit 314
may inform the climician of the alarm.

The control and processing unit 314 1s further configured
to control the display unit(s) 322 of the system. Interaction
with users of the apparatus/system may occur through user
interface 324.

With further reference to FIG. 5, the control and process-
ing unit 314 includes an integrated library or classification
structure 326 of auditory signals stored in memory 316 that
may be referenced when a monitored parameter reaches or
exceeds a preset alarm limit for such parameter or when
other medical messages must be communicated to a user. In
operation, the control and processing umt 314 1s configured
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to operate a speaker (not shown) of the system 300 to enable
the speaker to output an audible indication, which may be
referred to as an audible message, such as an audible
medical message, for example, an auditory alarm or warn-
ing. In particular, upon detection of a physiological param-
cter, and determiming that the parameter value excesses a
threshold value stored 1n memory 316, the control and
processing unit 314 selects an auditory alarm or alert from
the library 326 and generates the alarm to alert nurses or
physicians to the patient’s condition. In an embodiment, as
discussed above, the library 326 may contain a plurality of
auditory signals that are separated into seven categories of
alarms: a high criticality alarm, a medium criticality alarm,
a low criticality alarm, an alarm disabled alert/reminder, an
equipment alert, a timer, and an information/feedback alert.
Each category of alarms 1s defined by the musical and
acoustic properties discussed above in connection with
FIGS. 1-4.

In an embodiment, the control and processing unit 314,
memory 316, parameter algorithm 318, monitoring algo-
rithm 320, the display devices 322, the user interface 324
and the library of auditory signals 326 may be embodied 1n
a single monitoring device, such as monitoring device 328,
that 1s configured to monitor one or more physiological
parameters of a patient. In other embodiments, the system
300 may include a plurality of monitoring devices that
provide data regarding the monitored physiological param-
cters of a patient to a central control and processing unit,
whereby the central control and processing unit 1s config-
ured to generate auditory signals in dependence upon the
vartous monitored parameters and preset message or alert
threshold levels.

In wvarious embodiments, the audible indication 1s
designed and/or generated based on different criteria, such as
different acoustical and/or musical properties that convey a
specific semantic character as described herein. In general,
a set of medical messages or audible indications that are
desired to be broadcast to a clinician may be determined, for
example, 1nitially selected. In one embodiment, the audible
indications may be used to mform listeners that a particular
medical condition exists and/or to inform the clinician that
some action potentially needs to be performed. Thus, each
audible 1indication may include different elements or acous-
tical properties, as discussed above. For example, acoustical
propertiecs may communicate the medical condition (or
patient status) to the clinician. For example, how the audible
indication/message 1s broadcast, and the tone, frequency,
and/or timbre of the audible indication may provide infor-
mation regarding the severity of the alarm or warning, such
as that a patient’s heart 1s stopped, breathing has ceased, the
imaging table 1s moving, efc.

In particular, various embodiments provide a conceptual
framework and a perceptual framework for defining audible
indications or messages. In some embodiments, sound pro-
files for medical 1images are defined that are used to generate
the audible indications, as discussed above. The sound
proflles map different audible messages to sounds corre-
sponding to the audible indications, such as to indicate a
particular condition or operation. For example, correlations
between variables and perceptions as described herein may
be used to define one or more auditory sounds.

As will be readily appreciated, current medical alarm
standards focus on communicating patient conditions of
various levels of criticality. Separate standards define audi-
tory signals for non-alarm conditions. However, there 1s no
one standard that specifies and differentiates the full set of
medical messages that may be communicated with auditory
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signals. Indeed, there 1s no integrated standard that takes into
account differentiation between alarms and non-alarm mes-
sages as well as cognmitive specificity to the various types of
messages. In essence, there 1s no relative accounting of
similarities and differences 1n acoustic and musical proper-
ties ol auditory signals that commumnicate different types of
medical messages.

Accordingly, the system and method of the present inven-
tion therefore provides an integrated library of auditory
signals that specily and differentiate among seven major
types of medical messages based upon perceptual properties
that are innately salient to nurses. In connection with this,
the auditory signals associated with high criticality patient
conditions are unique and are more highly associated with
high criticality alarm conditions than currently used melo-
dies. Moreover, the diflerent message categories defined by
the present mvention define an integrated whole that
includes both alarms and medical device messages. In
particular, the present mvention simultaneously examines
acoustic and musical properties of auditory device signals
associated with meaningiul categories of medical messages
that span the entire message space.

In an embodiment, a system 1s provided. The system
includes at least one device configured to generate a plural-
ity of messages and a control unit in the at least one medical
device. The control unit 1s configured to generate an auditory
signal corresponding to one of the plurality of messages,
wherein the auditory signal 1s configured based on a func-
tional relationship linking psychological sound perceptions
in a clinical environment to acoustic and musical sound
properties. The functional relationship imncludes a plurality of
types ol auditory messages defining seven unique catego-
ries. In an embodiment, the seven auditory message catego-
ries 1nclude high criticality, medium criticality, low critical-
ity, reminder, equipment alert, timer, and information/
teedback. In an embodiment, the high criticality auditory
message category encompasses auditory signals having
musical properties including a rapidly oscillating beat pat-
tern, not harmonious, fast tempo, repetitive (not synco-
pated), complex (not simple), staccato notes not long in
duration, and having acoustic properties including high
Loudness, low Articulation Index, low Sharpness and low
mean Irequency, high Roughness and low Prominence
Ratio. In an embodiment, the medium criticality auditory
message category encompasses auditory signals having
musical properties including slow (and not fast) tempo,
repetitive (and not syncopated rhythm), simple (and not
complex), and neither harmonious nor dissonant, and having
acoustic properties including lower Loudness and higher
Articulation Index than high criticality auditory signals, low
Sharpness, low mean frequency, and low Prominence Ratio.
In an embodiment, the low criticality auditory message
category encompasses auditory signals having musical prop-
erties including neither harmonious nor dissonant, not slow
tempo, not complex, electronic timbre (not natural or
umque), short (not long) and staccato notes, not low 1re-
quency, and having acoustic properties including lower
Loudness than medium criticality alarms, low Sharpness,
low mean frequency, low Prominence Ratio, low Roughness
and low Fluctuation Strength. In an embodiment, the
reminder auditory message category encompasses auditory
signals having musical properties including dissonant (not
harmonious), complex (not simple), neither slow nor fast
tempo, neither repetitive nor syncopated rhythm, electronic
timbre, long and staccato notes, high frequency, and having
acoustic properties including high Loudness, Sharpness and
mean frequency, low Articulation Index, low Prominence
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Ratio and high Fluctuation Strength. In an embodiment, the
equipment alert auditory message category encompasses
auditory signals having musical properties including not
harmonious, fast (and not slow) timbre, not natural timbre,
not long notes, high (and not low) frequency, and having
acoustic properties including a same Loudness and Articu-
lation Index as medium criticality auditory signals, low
Sharpness, low mean frequency, high Tonality, high Promi-
nence Ratio and low Roughness. In an embodiment, the
timer auditory message category encompasses auditory sig-
nals having musical properties including not dissonant, not
harmonious, not fast tempo, not syncopated, short (and not
long) notes, low frequency, and having acoustic properties
including Loudness equal to low criticality auditory signals,
high Articulation Index, low Sharpness, low mean 1re-
quency, low Prominence Ratio and low tone level. In an
embodiment, the imformation/feedback message category
encompasses auditory signals having musical properties
including approximately a single note, neither harmonious
nor dissonant, neither slow nor fast tempo, neither repetitive
nor syncopated beat, not complex, not electronic timbre, not
long notes, not high frequency, and having acoustic prop-
erties including high Articulation Index, low Loudness, low
Sharpness, low mean frequency, high tone-to-noise ratio and
low tone level.

In an embodiment, a method for providing auditory
messages for a physiological monitoring device 1s provided.
The method includes the steps of defining a plurality of
auditory states representing a plurality of different medical
messages or conditions, detecting one or more medical
evens and correlating the medical event to one of the
medical messages or conditions, and generating an auditory
message corresponding to the detected medical event, and
outputting audibly the auditory message corresponding to
the detected medical event. The auditory message 1s con-
figured based on a functional relationship linking psycho-
logical sound perceptions in a clinical environment to acous-
tic and musical sound wvariables, and the functional
relationship includes a plurality of types of auditory mes-
sages defining seven unique categories. In an embodiment,
the seven auditory message categories include high critical-
ity, medium criticality, low criticality, reminder, equipment
alert, timer, and information/feedback. In an embodiment,
the high criticality auditory message category encompasses
auditory signals having musical properties including a rap-
1dly oscillating beat pattern, not harmonious, fast tempo,
repetitive (not syncopated), complex (not sumple), staccato
notes not long in duration, and having acoustic properties
including high Loudness, low Articulation Index, low
Sharpness and low mean frequency, high Roughness and
low Prominence Ratio. In an embodiment, the medium
criticality auditory message category encompasses auditory
signals having musical properties including slow (and not
fast) tempo, repetitive (and not syncopated rhythm), simple
(and not complex), and neither harmonious nor dissonant,
and having acoustic properties including lower Loudness
and higher Articulation Index than high criticality auditory
signals, low Sharpness, low mean frequency, and low Promi-
nence Ratio. In an embodiment, the low criticality auditory
message category encompasses auditory signals having
musical properties including neither harmonious nor disso-
nant, not slow tempo, not complex, electronic timbre (not
natural or unique), short (not long) and staccato notes, not
low frequency, and having acoustic properties including
lower Loudness than medium criticality alarms, low Sharp-
ness, low mean frequency, low Prominence Ratio, low
Roughness and low Fluctuation Strength. In an embodiment,
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the reminder auditory message category encompasses audi-
tory signals having musical properties including dissonant
(not harmomious), complex (not simple), neither slow nor
fast tempo, neither repetitive nor syncopated rhythm, elec-
tronic timbre, long and staccato notes, high frequency, and
having acoustic properties including high Loudness, Sharp-
ness and mean frequency, low Articulation Index, low
Prominence Ratio and high Fluctuation Strength. In an
embodiment, the equipment alert auditory message category
encompasses auditory signals having musical properties
including not harmonious, fast (and not slow) timbre, not
natural timbre, not long notes, high (and not low) frequency,
and having acoustic properties including a same Loudness
and Articulation Index as medium criticality auditory sig-
nals, low Sharpness, low mean frequency, high Tonality,
high Prominence Ratio and low Roughness. In an embodi-
ment, the timer auditory message category encompasses
auditory signals having musical properties including not
dissonant, not harmonious, not fast tempo, not syncopated,
short (and not long) notes, low frequency, and having
acoustic properties including Loudness equal to low criti-
cality auditory signals, high Articulation Index, low Sharp-
ness, low mean frequency, low Prominence Ratio and low
tone level. In an embodiment, the information/feedback
message category encompasses auditory signals having
musical properties including approximately a single note,
neither harmonious nor dissonant, neither slow nor fast
tempo, neither repetitive nor syncopated beat, not complex,
not electronic timbre, not long notes, not high frequency, and
having acoustic properties 1including high Articulation
Index, low Loudness, low Sharpness, low mean frequency,
high tone-to-noise ratio and low tone level. In an embodi-
ment, the step of generating an auditory message includes
retrieving the auditory message from one of the seven
unique categories of auditory messages arranged 1n a library
of auditory messages stored in a database of the monitoring
device.

In an embodiment, a system 1s provided. The system
includes a device configured to monitor at least one physi-
ological parameter of a patient, a control unit, and a database
associated with the control unit. The database includes a
classification structure for auditory medical messages,
wherein the classification structure includes seven catego-
ries ol auditory medical messages. Upon detection of a
physiological patient parameter having a value exceeding a
threshold value, the control unit 1s configured to select an
auditory signal from one of the seven categories and audibly
output the auditory signal. In an embodiment, the seven
categories ol auditory medical messages include high criti-
cality alerts, medium criticality alerts, low criticality alerts,
reminder alerts, equipment alerts, timer alerts, and informa-
tion/feedback alerts.

It 1s to be understood that the above description 1s
intended to be 1illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereot)
may be used 1n combination with each other. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from 1ts scope.

While the dimensions and types of maternals described
herein are intended to define the parameters of the invention,
they are by no means limiting and are exemplary embodi-
ments. Many other embodiments will be apparent to those of
skill 1n the art upon reviewing the above description. The
scope of the invention should, therefore, be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled. In the
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appended claims, the terms “including” and “in which™ are
used as the plain-English equivalents of the respective terms
“comprising” and “wherein.” Moreover, 1n the following
claims, terms such as “first,” “second,” “third,” “upper,”
“lower,” “bottom,” “top,” etc. are used merely as labels, and
are not intended to 1impose numerical or positional require-
ments on their objects. Further, the limitations of the fol-
lowing claims are not written 1n means-plus-function format
and are not intended to be interpreted based on 35 U.S.C.
§122, sixth paragraph, unless and until such claim limita-
tions expressly use the phrase “means for” followed by a
statement of function void of further structure.

This written description uses examples to disclose several
embodiments of the invention, including the best mode, and
also to enable one of ordinary skill 1n the art to practice the
embodiments of invention, including making and using any
devices or systems and performing any incorporated meth-
ods. The patentable scope of the invention 1s defined by the
claims, and may include other examples that occur to one of
ordinary skill 1n the art. Such other examples are intended to
be within the scope of the claims 1f they have structural
clements that do not differ from the literal language of the
claims, or 11 they include equivalent structural elements with
insubstantial differences from the literal languages of the
claims.

As used herein, an element or step recited in the singular
and proceeded with the word “a” or “an” should be under-
stood as not excluding plural of said elements or steps,
unless such exclusion 1s explicitly stated. Furthermore,
references to “one embodiment™ of the present invention are
not mtended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
teatures. Moreover, unless explicitly stated to the contrary,
embodiments “comprising,” “including,” or “having’ an
clement or a plurality of elements having a particular
property may include additional such elements not having
that property.

Since certain changes may be made in the above-de-
scribed invention, without departing from the spirit and
scope of the invention herein 1nvolved, 1t 1s intended that all
ol the subject matter of the above description or shown 1n the
accompanying drawings shall be interpreted merely as
examples illustrating the imnventive concept herein and shall
not be construed as limiting the invention.

What 1s claimed 1s:

1. A system, comprising:

at least one device configured to generate a plurality of
messages;

a control unit in the at least one medical device configured
to generate an auditory signal corresponding to one of
the plurality of messages, wherein the auditory signal 1s
configured based on a functional relationship linking
psychological sound perceptions 1n a clinical environ-
ment to acoustic and musical sound properties; and

wherein the functional relationship includes a plurality of
types of auditory messages defining seven unique cat-
cgories that are generated by common semantic expe-
riences of healthcare providers 1n a medical environ-
ment, and

the seven auditory message categories iclude high criti-
cality, medium crticality, low criticality, reminder,
equipment alert, timer, and information/feedback.

2. The system of claim 1, wherein:

the high criticality auditory message category encom-
passes auditory signals having musical properties
including a rapidly oscillating beat pattern, not harmo-

nious, fast tempo, repetitive (not syncopated), complex
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(not simple), staccato notes not long 1n duration, and

having acoustic properties including high Loudness,

low Articulation Index, low Sharpness and low mean

frequency, high Roughness and low Prominence Ratio.

3. The system of claim 2, wherein:

the medium criticality auditory message category encoms-
passes auditory signals having musical properties
including slow (and not fast) tempo, repetitive (and not
syncopated rhythm), simple (and not complex), and
neither harmonious nor dissonant, and having acoustic
properties including lower Loudness and higher Articu-
lation Index than high criticality auditory signals, low
Sharpness, low mean frequency, and low Prominence
Ratio.

4. The system of claim 3, wherein:

the low cnticality auditory message category encom-
passes auditory signals having musical properties
including neither harmonious nor dissonant, not slow
tempo, not complex, electronic timbre (not natural or
unique), short (not long) and staccato notes, not low
frequency, and having acoustic properties including
lower Loudness than medium criticality alarms, low
Sharpness, low mean Irequency, low Prominence
Ratio, low Roughness and low Fluctuation Strength.

5. The system of claim 4, wherein:

the reminder auditory message category encompasses
auditory signals having musical properties including
dissonant (not harmonious), complex (not simple), nei-
ther slow nor fast tempo, neither repetitive nor synco-
pated rhythm, electronic timbre, long and staccato
notes, high frequency, and having acoustic properties
including high Loudness, Sharpness and mean fre-
quency, low Articulation Index, low Prominence Ratio
and high Fluctuation Strength.

6. The system of claim 5, wherein:

the equipment alert auditory message category encom-
passes auditory signals having musical properties
including not harmonious, fast (and not slow) timbre,
not natural timbre, not long notes, high (and not low)
frequency, and having acoustic properties including a
same Loudness and Articulation Index as medium
criticality auditory signals, low Sharpness, low mean
frequency, high Tonality, high Prominence Ratio and
low Roughness.

7. The system of claim 6, wherein:

the timer auditory message category encompasses audi-
tory signals having musical properties including not
dissonant, not harmonious, not fast tempo, not synco-
pated, short (and not long) notes, low frequency, and

having acoustic properties including Loudness equal to

low criticality auditory signals, high Articulation Index,

low Sharpness, low mean frequency, low Prominence

Ratio and low tone level.

8. The system of claim 7, wherein:

the information/feedback message category encompasses
auditory signals having musical properties including
approximately a single note, neither harmonious nor
dissonant, neither slow nor fast tempo, neither repeti-
tive nor syncopated beat, not complex, not electronic
timbre, not long notes, not high frequency, and having
acoustic properties including high Articulation Index,
low Loudness, low Sharpness, low mean frequency,
high tone-to-noise ratio and low tone level.

9. A method for providing auditory messages for a physi-

65 ological monitoring device, comprising the steps of:

defining a plurality of auditory states representing a
plurality of different medical messages or conditions;
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detecting one or more medical evens and correlating the
medical event to one of the medical messages or
conditions;

generating an auditory message corresponding to the
detected medical event, wherein the auditory message
1s configured based on a functional relationship linking
psychological sound perceptions 1n a clinical environ-
ment to acoustic and musical sound variables:

outputting audibly the auditory message corresponding to
the detected medical event; and

wherein the functional relationship includes a plurality of
types of auditory messages defining seven unique cat-
egories that are generated by common semantic expe-
riences of healthcare providers 1n a medical environ-
ment, and

the seven auditory message categories include high criti-
cality, medium crticality, low criticality, reminder,
equipment alert, timer, and information/feedback.

10. The method according to claim 9, wherein:

the high criticality auditory message category encom-
passes auditory signals having musical properties
including a rapidly oscillating beat pattern, not harmo-
nious, fast tempo, repetitive (not syncopated), complex
(not simple), staccato notes not long 1n duration, and

having acoustic properties ncluding high Loudness,

low Articulation Index, low Sharpness and low mean

frequency, high Roughness and low Prominence Ratio.

11. The method according to claim 10, wherein:

the medium criticality auditory message category encom-
passes auditory signals having musical properties
including slow (and not fast) tempo, repetitive (and not
syncopated rhythm), simple (and not complex), and
neither harmonious nor dissonant, and having acoustic
properties including lower Loudness and higher Articu-
lation Index than high criticality auditory signals, low
Sharpness, low mean frequency, and low Prominence
Ratio.

12. The method according to claim 11, wherein:

the low criticality auditory message category encom-
passes auditory signals having musical properties
including neither harmonious nor dissonant, not slow
tempo, not complex, electronic timbre (not natural or
umque), short (not long) and staccato notes, not low
frequency, and having acoustic properties including
lower Loudness than medium criticality alarms, low
Sharpness, low mean Irequency, low Prominence
Ratio, low Roughness and low Fluctuation Strength.

13. The method according to claim 12, wherein:

the reminder auditory message category encompasses
auditory signals having musical properties including
dissonant (not harmonious), complex (not simple), nei-
ther slow nor fast tempo, neither repetitive nor synco-
pated rhythm, electronic timbre, long and staccato
notes, high frequency, and having acoustic properties
including high Loudness, Sharpness and mean {ire-
quency, low Articulation Index, low Prominence Ratio
and high Fluctuation Strength.
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14. The method according to claim 13, wherein:

the equipment alert auditory message category encom-
passes auditory signals having musical properties
including not harmonious, fast (and not slow) timbre,
not natural timbre, not long notes, high (and not low)
frequency, and having acoustic properties including a
same Loudness and Articulation Index as medium
criticality auditory signals, low Sharpness, low mean
frequency, high Tonality, high Prominence Ratio and
low Roughness.

15. The method according to claim 14, wherein:

the timer auditory message category encompasses audi-
tory signals having musical properties including not
dissonant, not harmonious, not fast tempo, not synco-
pated, short (and not long) notes, low frequency, and

having acoustic properties including Loudness equal to

low criticality auditory signals, high Articulation Index,

low Sharpness, low mean frequency, low Prominence

Ratio and low tone level.

16. The method according to claim 15, wherein:

the information/feedback message category encompasses
auditory signals having musical properties including
approximately a single note, neither harmonious nor
dissonant, neither slow nor fast tempo, neither repeti-
tive nor syncopated beat, not complex, not electronic
timbre, not long notes, not high frequency, and having
acoustic properties including high Articulation Index,
low Loudness, low Sharpness, low mean frequency,
high tone-to-noise ratio and low tone level.

17. The method according to claim 16, wherein:

the step of generating an auditory message includes
retrieving the auditory message from one of the seven
unique categories of auditory messages arranged in a
library of auditory messages stored 1n a database of the
monitoring device.

18. A system, comprising:

a device configured to monitor at least one physiological
parameter ol a patient;

a control unit; and

a database associated with the control unit, the database
including a classification structure for auditory medical
messages, the classification structure including seven
categories of auditory medical messages that are gen-
erated by common semantic experiences of healthcare
providers 1n a medical environment; and

wherein upon detection of a physiological patient param-
cter having a value exceeding a threshold value, the
control unit 1s configured to select an auditory signal
from one of the seven categories and audibly output the
auditory signal, and

the seven categories of auditory medical messages include
high criticality alerts, medium criticality alerts, low
criticality alerts, reminder alerts, equipment alerts,
timer alerts, and information/feedback alerts.
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